Paired associative stimulation (PAS) is a non-invasive stimulation method developed to induce bidirectional changes in the excitability of the cortical projections to the target muscles. However, very few studies have shown an association between changes in motor evoked potentials (MEP) after PAS and behavioral changes in healthy subjects. In the present study we hypothesized that the functional relevance of PAS can be seen during fatiguing exercise, since there is always a central contribution to the development of fatigue. Transcranial magnetic stimulation was applied over the motor cortex to measure changes in the MEPs of the soleus muscle before and after PAS. Furthermore, fatigue resistance was tested during 15 s sustained maximal isometric contractions before and after PAS. On average, fatigue resistance did not change after PAS, however the change in excitability correlated significantly with the change in fatigue resistance. Discussion: Functionality of PAS intervention was not demonstrated in this study. However, the observed relationship between excitability and fatigue resistance suggests that PAS might have affected central fatigue during short maximal contractions.
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Introduction
Paired associative stimulation (PAS) is a non-invasive method developed to induce bidirectional changes in the excitability of the cortical projections to the target muscles. PAS combines electrical stimulation of a peripheral somatosensory nerve with transcranial magnetic stimulation (TMS) over the contralateral motor cortex. Depending on the interstimulus interval (ISI), PAS can produce either long-term potentiation (LTP) -or long-term depression (LTD) -like plasticity in the target synapse (Kumpulainen et al., 2012; Stefan et al., 2000; Wolters et al., 2003) , showing properties such as rapid onset, associativity, duration, specificity, and NMDA-receptor dependence (Ziemann et al., 2008) . Thus, spike-timing dependent plasticity is considered the most likely mechanism behind PAS (Stefan et al., 2000; Wolters et al., 2003) . PAS and motor training have been shown to share common neural mechanisms, which suggests that PAS can be used as a test for functionally relevant neuronal circuits within the motor cortex ( E-mail address: susanne.kumpulainen@jyu.fi (S. Kumpulainen). Ziemann et al., 2004) . However, very few studies have shown functionality of PAS-induced excitability changes in healthy subjects (Frantseva et al., 2008; Jung and Ziemann, 2009; Rajji et al., 2011) . Functional relevance of PAS can probably be seen during fatiguing exercises since it is well known that both central and peripheral factors contribute to the development of fatigue (Gandevia, 2001) . Fatigue can be defined as any exercise-induced reduction in the ability of a muscle to generate maximal force or power (Gandevia, 2001) . Central fatigue refers to processes proximal to the neuromuscular junction and peripheral fatigue to processes at or distal to it (Gandevia, 2001) . The relative contribution of the central and peripheral components depends on the intensity and duration of the fatiguing exercise. Short maximal sustained contractions have been shown to have a substantial central contribution to the development of fatigue (Gandevia et al., 1996; Hunter et al., 2006 Hunter et al., , 2008 Lentz and Nielsen, 2002; Szubski et al., 2007; Taylor et al., 1996 Taylor et al., , 1999 . Central fatigue has been defined as a progressive reduction in the voluntary activation of a muscle during exercise and it can originate at both spinal and supraspinal levels (Gandevia, 2001) . Previous studies suggest that central fatigue at least partially originates from inadequate cortical drive to the motor neurons (Gandevia, 2001; Hunter et al., 2006 Hunter et al., , 2008 
